Objectives: HIV infection and exposure to certain antiretroviral drugs is associated with dyslipidemia and increased risk for coronary events. Whether this risk is mediated by highly atherogenic lipoproteins is unclear. We investigated the association of highly atherogenic small dense low-density lipoproteins (LDLs) and apolipoprotein B and coronary events in HIV-infected individuals receiving antiretroviral therapy.
INTRODUCTION
Dyslipidemia is a frequent risk factor for coronary heart disease (CHD) in individuals with HIV infection. 1 It may be induced by HIV infection itself and antiretroviral drugs, in particular ritonavir-boosted protease inhibitors that raise total cholesterol, low-density lipoprotein (LDL) cholesterol and triglycerides. 2, 3 Exposure to the nucleoside reverse transcriptase inhibitors didanosine and abacavir and the protease inhibitors lopinavir and indinavir are associated with an increased risk of myocardial infarction. 1, 4 These associations, however, can only partially be attributed to changes in total cholesterol and triglycerides induced by these drugs and raise questions about additional involved factors. Epidemiological studies in non-HIV-infected individuals indicate an increased risk and improved risk prediction for carotid atherosclerosis and CHD with increases in highly small dense LDL particles and apolipoprotein B, 5, 6 but these findings were not confirmed in other studies. 7, 8 In vitro studies show that certain boosted protease inhibitors may decrease the proteosomal degradation of apolipoprotein B, and thus increase the assembly and secretion of very LDLs and small dense LDL, which lead to increased risk of CHD. 3 Patients treated with boosted protease inhibitors or with triple nucleoside reverse transcriptase inhibitor combinations experience important shifts to highly atherogenic small dense LDL compared with HIV-negative controls with similar levels of LDL cholesterol. 9, 10 Protease inhibitors like lopinavir may also increase apolipoprotein B, a parameter that best reflects the total burden of atherogenic LDL particles, but these alterations are less frequently seen with atazanavir, a newer protease inhibitor. 9, 11 No study so far has investigated the association of CHD events and small dense LDL particles and apolipoprotein B in antiretroviral drug-treated HIV-infected individuals, which is the purpose of this case-control study that is nested into the Swiss HIV Cohort Study (SHCS).
METHODS
We conducted a case-control study that was nested within the SHCS, an open national cohort of HIV-infected individuals in Switzerland, aged 16 or older who are followed bi-annually in 7 centers. Details of the study are reported elsewhere. 12 
Selection of Cases and Controls
We included all SHCS participants with a first acute coronary event between April 1, 2000, and July 31, 2008. Eligible cases had to have a plasma sample in the 12 months preceding the event and to be on antiretroviral therapy at the time of the plasma sample. Coronary events were defined as definitive myocardial infarction, possible myocardial infarction or unstable angina, coronary artery bypass grafting, coronary angioplasty or stenting, or fatal coronary event based on the protocol definition of the Data Collection on Adverse Events of Anti-HIV Drugs (D:A:D) Study. 13 Fatal myocardial infarction included, sudden cardiac death, death from chronic ischemic heart disease, and death due to heart failure other than hypertensive or nonrheumatic valve disorders.
Controls were selected for each case at random without replacement because this method has slightly higher statistical efficiency.
14 To avoid biased estimates, controls were selected such that a future case could be selected as a control in the time period before the event. 15 Four controls were randomly selected from the risk set of each case. The risk set was defined as individuals with no documented coronary event (at least) until the date of the coronary event of the corresponding case, with a plasma sample within ±30 days of the plasma sample date of the respective case and treated with antiretroviral therapy at the time of the plasma sample. Controls in addition were matched to the case with respect to age (year of birth), gender, and smoking status at the time of the plasma sample of the corresponding case. Matching factors were kept at an absolute minimum to avoid overmatching and loss of power. 16 Antiretroviral therapy was defined as any combination therapy that included either a protease inhibitor or a nonnucleoside reverse transcriptase inhibitor with at least 2 other drugs or a triple nucleoside reverse transcriptase inhibitor therapy. Patients without plasma samples, taking lipid-lowering drugs, or missing information on smoking, blood pressure, body mass index, and waist-hip circumference in the 12 months preceding the event date for cases and the matching date of controls were excluded.
Variables and Measurement
All clinical parameters from cases and controls were extracted from the SHCS database: age, gender, risk group of HIV transmission, CD4 cells, and viral load at start of first antiretroviral therapy, current CD4 cell count and viral load, previous AIDS event, start date of first antiretroviral therapy, current antiretroviral therapy (protease inhibitor vs. nonnucleoside reverse transcriptase inhibitor, abacavir vs. no abacavir), hepatitis C antibodies, family history of CHD, systolic blood pressure, body mass index, waist-hip ratio, diabetes mellitus (defined as blood glucose .11.1 mmol/L at any time, .5.6 mmol/L in fasting state, or taking glucoselowering drugs), metabolic syndrome (defined according to International Diabetes Federation), 17 smoking status, and clinically documented central adipositas and lipoatrophy.
Blood samples were drawn and centrifuged within 6 hours of collection to obtain citrate plasma. Plasma was deep frozen at 270°C until analysis. VLDL were separated by ultracentrifugation (Airfuge, Beckman Coulter, Krefeld, Germany) at a density of 1.006 g/mL (4 hours, 20°C, 95,000 rpm) using an A-95 rotor with 8 · 20 mm Ultraclear tubes. LDL cholesterol was determined after removal of VLDL in the resulting infranatant by subtracting high-density lipoprotein (HDL) cholesterol from total cholesterol concentration. Total cholesterol, HDL cholesterol, and triglycerides in plasma and lipoprotein fractions were determined with commercially available enzymatic assays (Synchron CX5, Beckman Coulter, Krefeld, Germany), apolipoprotein B, apolipoprotein A-I, and lipoprotein (a) by nephelometry (Immage, Beckman Coulter, Krefeld, Germany). Small dense LDL apolipoprotein B was determined after ultracentrifugation of plasma at a density 1.044 g/mL in the resulting infranatant. All procedures and methods were checked for their compatibility with citrate plasma. The obtained values were corrected according to the dilution of blood with sodium citrate. High-sensitive C-reactive protein was measured by nephelometry (Image) and D-dimer by turbidimetry (Quantex D-Dimer, Instrumentation Laboratory, Kirchheim, Germany, CX5). All determinations were performed at the laboratory of the Institute for Lipid Metabolism, Munich, Germany. CD4 T lymphocytes were quantified by flow cytometry at the center laboratories of the SHCS. The plasma HIV-1 RNA level was measured by a polymerase chain reaction assay (Amplicor HIV monitor; Roche Diagnostic System, Rotkreuz Switzerland; limit of detection ,50 copies/mL).
Statistical Analysis
Conditional logistic regression stratified by casecontrol stratum was used to investigate the relationship between an outcome-coronary event for cases or a nonevent for controls-and a set of prognostic factors. As we sample controls from the risk set at the occurrence of the respective coronary event, the odds ratio (OR) is a direct estimate of the rate ratio without any rare-disease assumption. 18 We concentrated specifically on the effect of small dense LDL and apolipoprotein B on the occurrence of coronary events and proceeded in 3 steps. In the first step, unadjusted ORs and 95% confidence intervals (CIs) were calculated for the 2 markers separately. We tested for nonlinear or threshold effects by using transformations or including the biomarkers as spline functions. Second, the 2 markers were tested separately in models adjusted for the classical cardiovascular risk factors as follows: total cholesterol, triglycerides, HDL cholesterol, systolic blood pressure, central obesity, diabetes, and family history of CHD. In a third step, we added HIVspecific covariates to the model as follows: (past or current) intravenous drug use, years on protease inhibitor-based antiretroviral therapy, years on abacavir, HIV viral load, and nadir CD4 cell count. We additionally adjusted for time between the plasma sample date and the event date.
In a sensitivity analysis, the analyses described above was repeated after adding an indicator variable for patients who interrupted treatment after the plasma sample and before the coronary event and excluding case-control pairs where the case switched the antiretroviral therapy regimen between the time of the plasma sample and the coronary event, but these analyses did not change the results (data not shown).
Power Calculation
Power calculations were only performed for univariate associations between a lipid parameter and coronary events as assessed by conditional logistic regression and assuming that 98 matched case-control strata were available. Further, it was assumed that within strata, the lipid parameter for the case and control came from distributions with the same variance s 2 but an expected value which differed by a shift delta. 19 We estimated the true standardized mean difference D/s for 4 matched controls per case needed to be at least 0.32 or 0.37 for a power of 80% or 90%. In our sample, the standardized mean difference was 0.40 and 0.34 for small-dense LDL (sd-LDL) and apolipoprotein B, respectively, indicating we had sufficient power to detect differences in these lipid parameters and coronary events.
Analyses were performed with the statistical software SAS 9.2 (SAS Institute Inc., Cary, NC) and Stata 10.0 (StataCorp., College Station, TX).
RESULTS
Of 7471 HIV-infected individuals actively enrolled in the SHCS in September 2008, there were 264 individuals with a first CHD event, with 102 events occurring before the introduction of cardiovascular risk factor assessments. Of these 162 individuals had a first risk assessment before their event, 2 individuals did not have a plasma sample 1 year preceding the event, 23 individuals were not on antiretroviral therapy at the time of plasma sample, 37 individuals were on lipid-lowering drugs in the year before event, and 2 individuals had missing information on smoking, blood pressure, and weight information in the year preceding the event. We identified 98 cases with a CHD event [19 with fatal myocardial infarctions (of those 9 were sudden deaths), 79 with nonfatal coronary events (53 definite myocardial infarctions, 15 possible myocardial infarctions, and 11 coronary angioplasties or bypasses)] and these were matched with 392 controls. In 15 of 98 cases and 80 of 392 controls, blood specimens were taken in fasting state, for 28 measurements (8 cases and 20 controls), the information was unknown. The median duration from the dates of sampling to the event or the respective control date was 4 months (interquartile range: 2-6).
Of all cases and controls, 78.6% were males, 61.2% were current, and 6.5% past smokers. Compared with controls, cases were more often injecting drug users (27.6% vs. 23.9%), less likely to be virologically suppressed (HIV-1 plasma RNA .400 copies per milliliter; 20.4% vs. 8.7%), more often on abacavir-containing regimens (21.4% vs. 9.9%), and somewhat less often on boosted protease inhibitors (31.6% vs. 37.2%) ( Table 1 ). Cases had a higher percentage of risk factors for CHD (metabolic syndrome, family history, central obesity, diabetes, and hypertension) and more unfavorable lipid parameters (higher total cholesterol, triglycerides, LDL cholesterol, small dense LDL and apolipoprotein B, and lower HDL cholesterol) when compared with controls.
In univariable conditional logistic regression analysis of lipid and inflammation parameters, small dense LDL, apolipoprotein B, non-HDL cholesterol, LDL apolipoprotein B, very LDL and VLDL cholesterol, VLDL apolipoprotein B, and intermediate dense lipoproteins cholesterol were significantly associated with a coronary event ( Table 2) . High-sensitive C-reactive protein and D-dimer were not associated with coronary events.
In a multivariable model including established risk factors for CHD, increases in small dense LDL remained significantly associated with increased odds of a coronary event (OR for 1 mg/dL increase: 1.06, 95% CI: 1.00 to 1.11) ( Table 3 ). Small dense LDL was significantly associated with increased odds for a coronary event when adjusting for intravenous drug use, HIV-specific variables, and type of antiretroviral therapy treatment (for 1 mg/dL increase: OR: 1.07, 95% CI: 1.03 to 1.12). Adding both risk factors for CHD and HIV-specific variables weakened the association of small dense LDL with coronary events (OR: 1.04, 95% CI: 0.99 to 1.10). However, small dense LDL was highly correlated with total cholesterol (r = 0.50), and when total cholesterol was removed from the model, the effect of small dense LDL was significant and very similar to that of the univariable model (OR: 1.07, 95% CI: 1.01 to 1.12).
Similar results were found in models with apolipoprotein B (Table 4) . Apolipoprotein B was significantly associated with the odds for a coronary event in the both the multivariable model with established risk factors for CHD (for 10 mg/dL increase: OR: 1.16, 95% CI: 1.02 to 1.32) , and in the model including intravenous drug use, HIV-related variables and antiretroviral therapy (OR per 10 mg/dL increase: 1.12, 95% CI: 1.04 to 1.20) . The association between apolipoprotein B and coronary events was of borderline significance when both risk factors for CHD and HIV-specific variables were added to the model (OR per 10 mg/dL increase: 1.13, 95% CI: 0.99 to 1.30). However, apolipoprotein B was highly correlated with total cholesterol (r = 0.73), and when removing total cholesterol from the model, increases in apolipoprotein B were associated with a significantly increased risk of a coronary event (OR per 10 mg/dL increase: 1.17, 95% CI: 1.06 to 1.28). Small dense LDL and apolipoprotein B were also highly correlated (r = 0.58), and if both small dense LDL and apolipoprotein B were included in the multivariable model without total cholesterol, apolipoprotein B remained significantly associated with CHD events (OR: 1.14, 95% CI: 1.02 to 1.27) but small dense LDL did not (OR: 1.03, 95% CI: 0.97 to 1.09). Models with replacement of small dense LDL by the small dense LDL to apolipoprotein A1 ratio and models with replacement of apolipoprotein B by the apolipoprotein B to apolipoprotein A1 ratio gave similar estimates for CHD event associations (data not shown).
In 
COMMENT
This study found an association between highly atherogenic lipid subfractions and coronary events in HIV-infected patients treated with antiretroviral therapy. Small dense LDL and apolipoprotein B were both associated with a coronary event in models that included total cholesterol, HDL cholesterol, triglycerides, and other established risk factors for CHD. Associations were only slightly weakened when additional parameters were added to our models; this was likely due to the reduced power.
Small dense LDL particles may be more accurate than total cholesterol to measure atherogenic risk because they are more easily oxidized, have high affinity for extracellular matrix, and are retained in the arterial wall. 20, 21 Furthermore, smaller LDL particles exhibit reduced binding to LDL receptors and persist in the circulation and hence are subject to a greater degree of structural modification, which again may increase the atherogenic potential. [22] [23] [24] Small dense lipoprotein often coexist with high triglycerides, low HDL, diabetes, insulin resistance, central obesity, and the metabolic syndrome. 25 These findings support the hypothesis that small dense LDL levels can be used to improve risk prediction and to evaluate the response to lipid therapy. 26 Measurement of small dense LDL, however, has not entered clinical routine because the measurement is labor intense and expensive, although fully automated assays are underway. 27 For this study, we used ultracentrifugation, the gold standard for the measurement of small dense LDLs and the method that ultimately defines the LDL subclasses. Evidence from epidemiological studies in HIV-negative populations is conflicting as to whether small dense LDL is an independent predictor for CHD. 5, 6, 8 Apolipoprotein B is found in chylomicrons, VLD lipoprotein, LDL-cholesterol, and lipoprotein A particles. Each of theses particles contain 1 single apolipoprotein B molecule, therefore, measurement of apolipoprotein B represents the total burden of particles considered to be most atherogenic. 28 Apolipoprotein B can be directly measured with no need for calculation via other lipid parameters and does not require fasting samples. Several epidemiological studies indicate that apolipoprotein B is an excellent predictor for CHD and may act as a substitute for LDL cholesterol. 29, 30 In this study, apolipoprotein B was a strong and better predictor for coronary events than total cholesterol. There is little data on apolipoprotein B in HIV-infected individuals. Exposure to boosted lopinavir and indinavir was found to be associated with increases in apolipoprotein B in several small studies. 9, 11, 31, 32 In one case-control study, no difference in apolipoprotein B in HIV-infected individuals treated with antiretroviral therapy was found, but metabolic syndrome and hypertension were more prevalent in controls. 33 In a substudy from the French Aquitaine Cohort Study, apolipoprotein B was associated with metabolic syndrome and a better predictor for atherosclerosis and carotid intima-media thickness than LDL cholesterol. 34 A large body of evidence indicates that lowering LDL cholesterol with statins reduces cardiovascular morbidity and mortality in non-HIV-infected individuals, but only half of all premature CHD deaths are prevented by statin therapy. [35] [36] [37] [38] Findings from this study may indicate that specifically targeting the reduction of small dense LDL in addition to LDL cholesterol could be beneficial in patients with a highly atherogenic lipid phenotype receiving antiretroviral therapy. Small pilot studies and clinical trials in HIV-infected individuals indicate that ezetimibe and fenofibrate alone or in combination with statins may reduce small dense LDL and apolipoprotein B, but more trials are needed. 39, 40 Our study has several limitations. A case-control design is potentially prone to confounding if there is differential ascertainment of risk factors between cases and controls. The use of nested study design with standard data collection as applied in SHCS and the use of clinical data and samples before the event, and the selection of a random control sample should minimize this bias. In addition, variation of exposure due to putative risk factors over time may introduce bias. We tried to correct for this particular bias by defining strict exclusion criteria, for example, the use of lipidmodifying drugs before the event. We tried to minimize bias for the selection of controls by not excluding future cases from the control set before the coronary event. Our findings could be biased due to unmeasured confounding or imprecise measurement of other important risk factors such as hypertension. When defining the risk set we matched for calendar time (by using a narrow time window for the selection of samples before the event of interest), age, gender and smoking. Because smoking is highly prevalent in this cohort, we matched for this important risk factor and can therefore not be evaluated in the analysis. Thus, findings from this study may not relate to a similar extent to nonsmoking HIV-infected individuals. Over-matching can also reduce the ability to detect a relevant difference in variables of interest. However, given the difference in gender and age distribution of patients with coronary events in the SHCS, and the remaining population we considered this matching to be critical. Because of sample shortage, we were unable to measure all markers (in particular IL-6) as initially determined in the protocol.
This study has several strengths. This case-control study was nested into the SHCS, a large cohort study with excellent follow-up data that is representative for the level of care provided to HIV-infected individuals in Switzerland. We included all individuals within the SHCS taking combination antiretroviral therapy (cART) with a documented new coronary event and were able to include a large set of confounding risk factors into our analysis, which further strengthens our findings.
A large body of evidence indicates that atherosclerosis is an inflammatory disease. 41 High-sensitive C-reactive protein, a marker of inflammation is elevated in individuals with unstable angina and a risk factor for CHD in healthy individuals. 42 In this study, we found no association between either high-sensitive C-reactive protein or D-dimer and 43 have shown that initiation of antiretroviral therapy reduces inflammatory markers and markers of hypercoagulability. Our study had an explicit focus on the association of highly atherogenic lipids in cARTtreated patients, which could explain our negative findings. However, we found in all models a consistent association between unsuppressed HIV viral load and risk of a coronary event. This finding is remarkable given that we included only cART-treated patients into our study and indicates that HIV may promote endothelial inflammatory activation even in antiretroviral therapy-treated patients with suboptimal viral control. This is a strong argument for sustained suppression of HIV to reduce the risk of coronary events. 44 Finally, we confirmed an association of coronary events with cumulative exposure to abacavir as previously found in the DAD. study. 4, 13 Evidence on the risk of myocardial infarction and abacavir from additional cohort studies is conflicting, mainly due to different study design and control of bias. 45 Evidence from a meta-analysis of randomized controlled trials comparing abacavir-containing regimens versus control is also inconclusive due to much lower number of events and observation compared with the DAD study. 46 In an additional analysis requested by the reviewers, we also confirmed an association of current exposure to abacavir and coronary events [full multivariate models for small dense lipoprotein OR: 2.09 (95% CI: 1.18 to 3.69) and for apolipoprotein B OR: 2.05 (95% CI: 1.16 to 3.62)]. The findings of an association of current and cumulative use of abacavir and coronary events from this study strengthen the existing evidence for such an association as only confirmed cases with coronary events were included. We were able to adjust for relevant confounders including intravenous drug use and highly atherogenic lipoproteins that were shown to be increased with abacavir exposure in the Bicombo backbone switch trial. 47 In conclusion, this study indicates that small dense LDL cholesterol and apolipoprotein B are associated with increased risk of coronary events in HIV-infected patients treated with antiretroviral therapy. Further studies are needed to better explore these associations and whether particular antiretroviral drugs promote the generation of highly atherogenic lipoproteins. In all models, we found a consistent association of an increased risk for coronary events in intravenous drug users, patients without complete virological suppression, and use of abacavir. Exposure to abacavir should be avoided in patients at risk of CHD. Our study provides further arguments that maintaining sustained virological control in addition to aggressive management of cardiovascular risk factors is an important goal to help reduce potential cardiovascular events in HIV-infected patients. 
